Blends of varying ratios of castor and soybean oils were used to produce biodiesel by alkaline transesterification using the methylic route. To increase the yield of esters, an experimental study using a full 2 4 factorial design was performed to evaluate the influence of methanol:oil molar ratio, KOH concentration, temperature, and reaction time on the biodiesel produced from each blend. Yields exceeding 95% were obtained, and the highest conversion was 99.05% at 25°C with a reaction time of 20 min using 2% KOH as a catalyst and a methanol:oil molar ratio of 12:1. To reduce process costs based on the amount of methanol used without limiting the conversion to esters, a second set of process conditions was identified, in which a 98.59% conversion to esters was obtained using the same temperature, reaction time, and catalyst concentration but a different methanol:oil molar ratio (6:1).
INTRODUCTION
Given the global demand for energy sources with reduced environmental impacts, biomass has increasingly been used as a raw material for fuel production (Carvalho et al., 2010) . In this context, biodiesel produced from vegetable oils represents an alternative fuel and has advantages over other sources: it is renewable, has low toxicity, and is biodegradable (Conceição et al., 2007; Wu et al., 2014) . Additional characteristics, such as lubricity and burning efficiency, also contribute to the potential use of biodiesel as a fuel in diesel engines (Lôbo et al., 2009) . Biodiesel is an oxygenated fuel produced from the catalytic transesterification of triglycerides, found in vegetable oils and animal fats, with an alcohol. The biodiesel produced in this reaction has to be purified by secondary processes, such as washing and drying. In addition to the type of catalyst used, this process is influenced by other factors, such as the choice of lipid source, the alcohol:oil ratio, the catalyst concentration, the temperature, and the reaction time Soybean oil (Glycinemax L.) is an important raw material for biodiesel production. In Brazil, more than 80% of the biodiesel is produced from soybean oil (Alberici et al., 2010). Although the biodiesel produced from soybeans is of adequate quality, the inclusion of other raw materials from different crops is important to reduce the dependence on a single oilseed, to improve product characteristics, to encourage the development of family farms, and to explore regional diversity of each producing country (Teixeira et al., 2009; Cesar and Batalha, 2010) . In northeastern region of Brazil, particularly, the cultivation of castor (Ricinus communis) has increased because this crop is well adapted to semiarid regions, leading to large yields (Serra et al., 2011) . Moreover, castor oil has specific characteristics that are attractive for biodiesel production.
Castor oil contains approximately 90% triglycerides of ricinoleic acid and has advantages over other oils in the transesterification reaction because of this oil's greater solubility in methanol and ethanol, which allows the reaction to be performed at lower temperatures and with reduced process times (Conceição et al., 2007; Serra et al., 2011). The biodiesel produced from castor oil is also oxidatively stable (Zuleta et al., 2012). However, the use of the methyl or ethyl esters of ricinoleic acid as biodiesel is hindered by the presence of the hydroxyl group, which causes disadvantages, such as difficulty of water removal, low cetane index, high density and viscosity (Berman et al., 2011; Carvalho et al., 2013). For example, the high viscosity, which is typical even after the transesterification of the oil, can reduce the fuel atomization, causing the formation of deposits in the fuel injection system, thus, hindering the work of the fuel pumping system. Although biodiesel blends, including mixtures of soybean and castor bean biodiesel, have being used to improve important fuel properties ). An evaluation of the physicochemical characteristics of the oil to be transesterified during biodiesel production is important because the oil characteristics influence the quality of the biodiesel produced, the reaction conditions, and the yield of the reaction. High levels of acidity and moisture in vegetable oils, for example, reduce the yield of biodiesel in the reaction (Canakci & Gerpen, 2001 ). In addition, the specific gravity and viscosity of castor oil can affect operations in manufacturing plants due to difficulties in pumping and flow. Thus, adjusting the physicochemical parameters of the oil to obtain biodiesel within the quality specifications, as well as ensuring the use of a raw material with properties that are suitable for the operations in the production plant, is essential.
Because castor oil has high viscosity and density, studies of mixtures containing differing proportions of castor oil and other oils is a strategy that enables the production of biodiesel and allows the product to meet quality specifications (Barbosa et al., 2010). In the present study, blends containing different proportions of castor oil and soybean oil were prepared, and the suitability of their physicochemical characteristics for the production of biodiesel via transesterification was assessed. To evaluate the quality of the product, biodiesel was produced from mixtures of castor and soybean oils. After the castor oil:soybean oil ratios were defined, a full factorial design was used to evaluate the influence of the methanol:oil ratio, the catalyst concentration, the temperature, and the reaction time in the biodiesel production and reaction yield.
MATERIALS AND METHODS

Blend preparation and characterization
The mixtures of oils were prepared using refined, commercial, edible soybean oil and refined castor oil supplied by Bom Brasil (Salvador, Brazil). The castor and soybean oil blends were prepared in the proportions shown in Table 1 . After homogenization, the physicochemical properties of these oil mixtures were analyzed using the official methods of the American Oil Chemists Society (AOCS) to characterize the raw material for biodiesel production (AOCS, 1998). Table 2 shows the tests used to characterize the oils.
Biodiesel production
The mixtures of castor and soybean oils (Table  1) were subjected to transesterification under reaction conditions previously established (Keera et al., 2011). All of the reactions were performed in a 2 L LabMax reactor (Mettler Toledo), equipped with mechanical agitation (350 RPM), temperature control, pH meter, automatic solution dispenser, and reflux condenser. Four hundred grams of oil were placed in the reactor, and the reaction temperature was set at 60°C. Simultaneously, an alcohol solution of potassium hydroxide (1%) was prepared by dissolving the catalyst in methanol. The methanol:oil molar ratio used in the reaction was 6:1. The transesterification reaction was initiated with the addition of the potassium hydroxide solution to the oil under stirring. At the end of the reaction (1h), the mixture was incubated without stirring until phase separation between the biodiesel and glycerin was observed. The glycerin was separated and stored. The transesterification product that remained in the reactor was neutralized with a solution of ammonium chloride (5%) and thrice washed with distilled water for the removal of impurities. The washing process was repeated until the lower layer had a pH similar to the pH of the water, indicating that the product was free of catalyst. After washing, the biodiesel was dried at 100°C, weighed and stored for further characterization. The biodiesel was dried by heating up to 100 °C for half an hour to eliminate the remaining water after washing. The water in the biodiesel was evaporated during the drying process in the reactor. No degradation of the sample was observed in the drying process. Nine biodiesel samples were characterized to verify the suitability of the products based on the specifications and to select one blend for further experiments. The selected blend was subjected, through an experimental design, to a series of transesterification reactions under various process conditions to optimize the reaction, considering the influence of the process temperature, reaction time, catalyst concentration, and molar ratio of alcohol and oil.
Experimental design of transesterification reaction
The blend composed of 20% castor oil and 80% soybean oil was selected for evaluation of the conditions for obtaining biodiesel using a full factorial design. The transesterification experiments were performed using 500 g of the oil mixture in the reactor according to the described procedure. The reaction variables studied were defined as factors (k) and included the methanol:oil molar ratio (M:O), the concentration of the KOH catalyst (C, %), the reaction time (t, min), and the system temperature (T, °C). Maximum and minimum values for each factor were chosen in accordance with previously reported data. The response evaluated was the final yield (E, %). The experimental data were processed using the software, Statistica. Through a full factorial design, the influence of the four factors (k = 4) at two levels (n = 2) for the methanolysis of the mixture of soybean and castor oils via basic catalysis was evaluated. The total number of experiments required for this experimental design was n k = 2 4 = 16. Additionally, four replicates were performed at the central point to evaluate the experimental error, for a total of 20 experiments. The factors used in the experiments are shown in Table 3 . The 20 reactions were performed in random order.
Biodiesel characterization
The biodiesel samples obtained from the transesterification reactions of the castor and soybean oil mixture were analyzed according to the methods shown in diacylglycerol, and triacylglycerol contents of the sample were performed using a gas chromatograph (Varian, model CP-3800 GC), equipped with a capillary injection system.
RESULTS AND DISCUSSIONS
The blends of castor and soybean oils were characterized for acid value, water content, free fatty acids, peroxide value, saponification, and iodine value, and the results are shown in Table 5 . Table 5 shows an increase in the acid value and in the concentration of free fatty acids in the blends containing 60% or more castor oil (blends 7, 8, and 9). Free fatty acids must be present at low concentrations (less than 3%) for biodiesel production by the transesterification reaction with alkaline catalysis (Kumar et al., 2013) ; when hydroxides are used as catalysts, an excess of free fatty acids could lead to saponification reactions that compete with the transesterification reaction. All of the blends obtained contained less than 1% free fatty acids; thus, pre-treatment to adjust the acidity of the raw material was not necessary.
The peroxide value slightly increased with an increase in the castor oil content of the blends, as observed in Table 5 . Products with peroxide values between 1 and 5 are classified as being in a low oxidation state (O'Brien, 2004). The maximum peroxide value obtained for the samples was 3.5, which did not exceed the recommended limit.
An increase in the castor oil content of the blends did not significantly influence the saponification value when the castor oil content was less than 20% (blends 1, 2, 3, 4, and 5). A large increase in saponification value was observed in blend 6, which contained 40% castor oil.
The results shown in Table 5 indicate that the moisture content increased with an increase in the percentage of castor oil. The sample with 100% castor oil (blend 9) had a higher moisture value than the other blends. Despite this castor oil concentration-dependent increase, all of the blends had a low moisture content that was within the acceptable limits for transesterification reactions (Banerjee & Chakraborty, 2009).
A decrease in the iodine value was observed when the percentage of castor oil in the blends increased (Table 5 ). This behavior is most likely due to the higher degree of unsaturation of the soybean oil (predominantly linoleic acid with conjugated double bonds) than that of the castor oil (ricinoleic acid with a hydroxyl group, double bonds are prevalent). Fatty acids with greater extents of unsaturation have a greater capacity for iodine absorption and, consequently, a higher iodine value (Deshpande & Kullarni, 2012). The biodiesel samples obtained through transesterification of the oil blends (Table 1) were characterized to verify that they met the specifications of the National Agency of Petroleum Natural Gas and Biofuels (ANP, 2014). No significant variation in the density of the biodiesel was observed with the addition of up to 40% castor oil (blends 1-6), as shown in Table 6 , and the densities of the biodiesel produced were within the quality standards range (850-900 kg/m 3 ). The kinematic viscosity of the biodiesel samples varied more significantly in blends 5-9 (containing 20% or more castor oil). However, only biodiesel samples produced with blends containing more than 40% castor oil did not comply with the ANP specifications for viscosity. An increase in the castor oil content caused an increase in the water content, but even the biodiesel produced from the blend containing 20% castor oil (blend 5) met the specifications. This fact can be explained by the higher humidity of castor oil compared to soybean oil and the presence of the hydroxyl group in the ricinoleic acid that hinders the removal of water.
Increases in the concentration of castor oil in the blends caused a decrease in the cold filter plugging point and an increase in the flash point in the biodiesel samples; however, all of the samples met the specifications for these two parameters. No variation in the corrosiveness to copper was observed in any of the samples.
The parameters evaluated in the samples containing up to 20% castor oil met the specifications. The biodiesel produced from pure castor oil and the biodiesels obtained from mixtures containing more than 20% castor oil did not meet the specifications, particularly density and viscosity specifications. In this sense, the production of biodiesel from castor bean and soybean oils is not recommended when the ratio of the first is greater than 20%. To maximize the amount of castor oil in the mixtures while maintaining satisfactory biodiesel production, the blend with 80% soybean oil and 20% oil castor oil was chosen as the raw material to be used in the evaluation of the process conditions. This evaluation was performed with the aid of a 2 4 full experimental design.
The matrix of the 2 4 full factorial design and the results of the performance experiments for the 20 reactions are shown in Table 7 . The highest yield of 99.05% was obtained under the following reaction conditions: temperature of 25°C, reaction time of 20 min, 2% KOH as the catalyst and a methanol:oil molar ratio of 12:1 (experiment 13). Goyal et al. (2012) optimized the conversion of high free fatty acid Jatropha curcas oil to biodiesel using response surface methodology and obtained yield of 98.3% with methanol/oil ratio (11:1) using NaOH as catalyst (1% w/w) in 110 min time at 55°C temperature. Jeong and Park (2009) further investigated the effect of reaction temperature, oilto-methanol molar ratio, and catalyst quantity (KOH) on biodiesel yield from castor oil and obtained about 92% yield at 40-min reaction, 35.5 °C, with methanol/oil ratio of 8:1, and a catalyst concentration of 1.45% of KOH by weight. Cavalcante et al. (2010) studied the synthesis of fatty acid esters from castor oil using an alkaline catalyst. The highest yield (86.32%) was obtained using an ethanol:oil: molar ratio of 11:1, 1.75% KOH and a reaction time of 90 min. By comparing the present results with the literature, it is apparent that there has been an optimization of process conditions in relation to time, process temperature, and biodiesel yield.
The full factorial design allowed the verification of the significance of each studied parameter and their interactions through an analysis of variance (ANOVA) using the p value. Using the Pareto chart (Figure 1) , the temperature and methanol:oil molar ratio interaction (TxM/O) was found to have the greatest influence on the reaction system. The combination of these parameters had a negative effect on the conversion of esters. On the other hand, catalyst concentration (C) has shown to have a significant positive effect on reaction yield. This means that raising the values of this parameter from the lowest (−1) to the highest (+1) level leads to an increase on the final yield.
The curvature analysis was not statistically significant at a 95% confidence level, suggesting the possibility of employing a linear mathematical model to represent the yield within the experimental domain studied. The response surfaces for the linear model are shown in Figure 2 . The use of response surface methodology (RSM) allowed the visualization of the influence of two variables simultaneously and the region of best ester yield. With this experimental design, the highest yield of biodiesel from castor/soybean oil (99.05%) was obtained in experiment 13. In this experiment, the following conditions were used: reduced temperature (25°C) and reaction time (20 min), a catalyst concentration of 2%, and a methanol:oil molar ratio of 12:1.
To reduce the process costs relative to the amount of methanol used without affecting the yield of the reaction, experiment 5 was identified 
as an alternative to experiment 13. Experiment 5 used a methanol:oil molar ratio of 6:1, with a resulting yield of 98.59%. To verify whether the methyl esters produced in these process conditions are within the specifications for biodiesel, as required by the ANP, sample 5 was characterized. According to the results shown in Table 8 , the sample was within the quality standards established by ANP for the parameters evaluated.
CONCLUSIONS
Castor and soybean oil mixtures can be used to change the properties of raw materials to obtain oils with characteristics that are more favorable to biodiesel production. A biodiesel that met relevant specifications was obtained using mixtures containing up to 20% castor oil. The use of a full factorial design allowed the evaluation of the influence of reaction variables and the establishment of appropriate reaction conditions for a mixture composed of 20% castor oil and 80% soybean oil. The product of the transesterification reaction was analyzed and the results indicated that the obtained biodiesel was of adequate quality, demonstrating that the preparation of blends of different raw materials is an interesting approach to ensure adequate oil for the transesterification reaction and biodiesel production.
ANP, BRASIL -Brazilian Regulatory Agency for Oil, Gas and Biofuels (ANP), Resolução n. 45 de 28/08/2014. Establishes the minimum specifications to be observed for commercialization of biodiesel in the entire Brazilian territory. (In  Portuguese) AOCS -American Oil Chemists Society. Official methods and recommended practices of the AOCS. AOCS Press, Champaign, 1998. 
